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© New peroxide curable fluoroelastomers, particularly suitable for manufacturing O-rings. 

© New fluoroelastomers are described, having iodine atoms in terminal position and monomeric units in the 
chain deriving from an iodinated olefin of formula: 

CHR = CH-Z-CH 2 CHR-I (I) 

wherein: R is -H or -CH 3 ; Z is a (per)fluoroalkylene radical Ci-Ci 8 , linear or branched, optionally containing one 
or more ether oxygen atoms, or a (per)fluoropolyoxyalkylene radical. 

These products, upon peroxide curing, require extremely short post-curing treatments (around 30-60 minutes 
at 1 80 • -230 ° C) and are characterized by compression set values lower than 25% (measured on O-rings at 
200 • C for 70 hours according to ASTM Standard D395 Method B). 
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The present invention relates to new peroxide curable fluoroelastomers particularly suitable for manu- 
facturing O-rings. 

Various types of fluoroelastomers are known in the art, widely used in all those fields where superior 
elastic properties associated with high thermochemical stability are required. For a wide survey on such 
s products see for instance "Ullmann's Encyclopedia of Industrial Chemistry", vol. A-11, pag. 417-429 (1988, 
VCH Verlagsgesellschaft). 

It is also known that for manufacturing sealing elements, particularly O-rings, it is necessary to use 
elastomers endowed with particularly low compression set values. In fact, O-ring sealing effectiveness is as 
better as the article, upon compression, is able to recover initial dimensions. Since the fluoroelastomers are 
w used in a wide temperature range, compression set values should be low not only at low temperatures, but 
also at high temperatures. Compression set values (measured at 200 • C for 70 hours, according to ASTM 
Standard D395, Method B) lower than 25% are generally required. More particularly, military specifications 
(MIL-R-83248B) asks for O-rings having a maximum compression set value of 20% (measured at 200 • C for 
70 hours as well). 

is Fluoroelastomers which can meet such requirements are those curable ionically, which need addition of 
curing agents (for instance polyhydroxy compounds, such as Bisphenol AF or Bisphenol A), of suitable 
accelerators (for instance ammonium, phosphonium or amino-phosphonium salts), and of divalent metal 
oxides and/or hydroxides (for instance MgO, Ca(OH) 2 ). Elastomers of this type are described for instance in 
patent application EP-525,685. However, ionic curing shows some drawbacks, among which the fact that a 

20 post-curing treatment is needed, generally carried out at 200" -260 "C for 12-24 hours, in order to complete 
curing, and to eliminate volatile by-products, so as to improve and stabilize mechanical and elastic 
properties. This implies a remarkable increase in processing times and costs and therefore strongly limits 
the possibilities of large scale production. 

As described in US Patent 4,243,770, fluoroelastomers can be crosslinked also by means of peroxides. 

25 To such purpose it is necessary to carry out the polymerization in the presence of suitable iodinated chain 
transfer agents, which introduce into the macromolecules iodine atoms in terminal position: in the presence 
of radicals deriving from a peroxide said iodine atoms act as cure sites in consequence of homolitic 
breakage of the C-l bonds. Fluoroelastomers of this type generally do not require long post-curing 
treatments: in some cases it is sufficient a post-curing in air at about 200° -230 "C for 1-4 hours. However, 

30 such products do not meet the specifications indicated above for O-ring manufacturing: the compression set 
value is indeed usually high, at least equal to 28-30% or higher. 

The Applicant has now found a new class of fluoroelastomers as defined hereinunder, which, upon 
peroxide curing, need extremely short post-curing treatments (around 30-60 minutes at 180*-230'C) and 
are characterized by compression set values lower than 25% (measured on O-rings at 200 • C for 70 hours 

35 according to ASTM Standard D395 Method B). 

Therefore, a first object of the present invention are peroxide curable fluoroelastomers, having iodine 
atoms in terminal position, and monomeric units in the chain deriving from an iodinated olefin of formula: 

CHR = CH-Z-CH 2 CHR-I (I) 

40 

wherein: R is -H or -CH 3 ; Z is a C1-C18 (per)fluoroalkylene radical, linear or branched, optionally containing 
one or more ether oxygen atoms, or a (per)fluoropolyoxyalkylene radical. 

Further objects of the present invention are the iodinated olefins of formula (I), and the preparation 
process thereof, as described hereinunder. 
45 As regards formula (I), Z is preferably a C4-C12 perfluoroalkylene radical, or a (per)- 
fluoropolyoxyalkylene radical of formula: 

-(Q) P -CF 2 0-(CF 2 CF 2 0) m (CF 2 0) n -CF 2 -(Q) p - (II) 

50 wherein: Q is a Ci-C 6 , preferably C1-C3, alkylene or oxyalkylene radical; p is 0 or 1; m and n are numbers 
such that the m/n ratio is from 0.2 to 5 and the molecular weight of said (per)fluoropolyoxyalkylene radical 
is from 400 to 10,000, preferably from 500 to 1,000. Preferably, Q is selected from: -CH 2 0-; -CH 2 OCH 2 -- 
-CH 2 -; -CH 2 CH 2 -. 

The olefins of formula (I) can be prepared starting from compounds of formula l-Z-l according to the 
55 following process: 

(1) adding ethylene or propylene to a compound of formula l-Z-l, thus obtaining a diiodinated product of 
formula: 



2 
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l-CHR-CH 2 -Z-CH 2 -CHR-l (III) 
where R and Z are defined as above; 

(2) partially dehydroiodinating the product of formula (III) with a base (for instance NaOH, KOH, tertiary 
5 amines, etc.), so as to obtain the iodinated olefin of formula (I). 

As to step (1), the addition of ethylene or propylene is usually carried out in the presence of suitable 
catalysts, such as redox systems, for instance Cul or FeCI 3 , in solution in an organic solvent, for instance 
acetonitrile. The addition reaction between a perfluoroalkyliodide and an olefin is described, for instance, by 
M. Hudliky in "Chemistry of Organic Fluorine Compounds" (2nd Edition, Ellis Horwood Ltd., Chichester, 
w 1976), and by R. E. Banks in "Organofluorine Chemicals and Their Industrial Applications" (Ellis Horwood 
Ltd, Chichester, 1979), or in J. Fluorine Chemistry, 49 (1990), 1-20 and in J. Fluorine Chemistry, 58 (1992), 
1-8. 

The dehydroiodination reaction of step (2) can be carried out either without any solvent, or by dissolving 
the diiodinated product in a suitable solvent (for instance a glycol such as diethylenglycol, or a long chain 
75 alcohol). To maximize the iodinated olefin yield, avoiding as far as possible a further dehydroiodination 
reaction with formation of the corresponding bis-olefin of formula CHR = CH-Z-CH = CHR, it is possible: 
(a) to employ the base in defect with respect to the stoichiometric amount, with a molar ratio 
base/diiodinated compound preferably from 1 .5 to 0.5, and then separating the iodinated olefin from the 
bis-olefin by fractional distillation; or 
20 (b) to carry out the dehydroiodination reaction at reduced pressure, so as to remove the iodinated olefin 
from the reaction mixture as it forms, taking advantage of the fact that the latter has a boiling point lower 
than that of the starting diiodinated product; in such a case the reaction is preferably carried out without 
any solvent. 

Alternatively, it is possible to carry out step (1) in defect of ethylene or propylene, to favour as much as 
25 possible formation of mono-addition product l-Z-CH 2 -CHR-l (which can be separated from the di-addition 
product by fractional distillation); the mono-addition product is then dehydroiodinated as described above, 
with formation of olefin l-Z-CH = CHR, which is finally submitted to a further addition of ethylene or 
propylene to give the iodinated olefin I-CHRCH2-Z-CH = CHR. 

When Z is a (per)fluoroalkylene radical, optionally containing one or more ether oxygen atoms, the 
30 starting diiodinated compound l-Z-l can be obtained by telomerization of a (per)fluoroolefin C2-C* or of a 
(per)fluorovinylether C 3 -C 8 (for instance tetrafluoroethylene, perfluoropropene, vinylidene fluoride, per- 
fluoromethylvinylether, perfluoropropylvinylether. or mixtures thereof), by using a product of formula l-(R f ) k -l 
(where k - 0, 1 ; Rf = C1 -Cs (per)fluoroalkylene radical) as telogenic agent. Telomerization reactions of this 
type are described, for instance, by C. Tonelli and V. Tortelli in J. Fluorine Chem., 47 (1990), 199, or also in 
35 EP-200,908. 

When Z is a (per)fluoropoly.pxyalkylene radical, the preparation of the products l-Z-l is described, for 
instance, in US Patent 3,810,874. 

The amount of monomeric units deriving from the iodinated olefin of formula (I) present in the 
fluoroelastomers object of the present invention is generally from 0.01 to 1 .0 moles, preferably from 0.03 to 

40 0.5 moles, even more preferably from 0.05 to 0.2 moles, per 100 moles of the other basic monomeric units. 
The total iodine amount in the fluoroelastomers object of the present invention is, on the average, from 
1.8 to 5.0, preferably from 2.0 to 4.0, iodine atoms per chain. The average number of iodine atoms per 
chain in terminal position is in turn generally from 1 .0 to 2.0, preferably from 1 .5 to 1 .8. The iodine atoms in 
terminal position can be introduced, as described in US Patent 4,243,770, by adding during polymerization 

45 iodinated chain transfer agents, such as for instance compounds of formula R t l x , wherein R f is a (per)- 
fluoroalkyl or a (per)fluorochloroalkyl having from 1 to 8 carbon atoms, while x is 1 or 2. In particular, the 
iodinated chain transfer agent can be selected from: 1 ,3-diiodoperfluoropropane, 1 ,4-diiodoperfluorobutane, 
1 ,6-diiodoperfluorohexane, 1 ,3-diiodo-2-chloroperfluoropropane, 1 ,2-di(iododifluoromethyl)-per- 

fluorocyclobutane, monoiodoperfluoroethane, monoiodoperfluorobutane, 2-iodo-1-hydroperfluoroethane, etc. 

so Particualrly preferred are diiodinated chain transfer agents (x = 2). Alternatively, it is possible to use as chain 
transfer agents alkali or alkaline-earth metal iodides, as described in US Patent 5,173,553. The amount of 
chain transfer agent to be added to the reaction medium is chosen according to the molecular weight which 
is intended to be obtained and to the chain transfer agent effectiveness. 

The basic structure of the fluoroelastomers object of the present invention can be selected in particular 

55 from: 

(1) VDF-based copolymers, where VDF is copolymerized with at least a comonomer selected from: 
perfluoroolefins C2-C8, such as tetrafluoroethylene (TFE), hexafluoropropene (HFP); C2-C8 chloro- and/or 
bromo-fluoroolefins, such as chlorotrifluoroethylene (CTFE) and bromotrifluoroethylene; (per)- 
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. .„ n a 0,-06 (per)fluoroalkyl, for instance 
f ,uoroa.kylvinylethers (PAVE) ^ C ™^™*! ^^ScyllytinyWher. CF 2 = CFX0, 
trifluoromethyl, bromodif luoromethyl, pentaf ^^"oropropy , K> > {or jnstance perf | U oro-2- 

where X is a C-C, P^l^ otSm) Tor .^e^ ^ pnH^: typical compo* 
propoxy-propyl; 0,-Ca T^^^?^ TO 0-30%; (b) VDF 50-80%. PAVE 5-50%, TFE 
5 tions are the following: (a) VDF 45-85 A HFP 15 « 

0-20%; (0 VDF 20-30%, 01 '.^^J^S^ ^« ««- 3 C ° m ° n ° mer ^ 
(2) TFE-based copolymers, where TFE « copolymw r z ™ (pe r)fluoro-oxyalkylvinylethers 
Lroalky.vinylethers ^^^^^f!^ contain^ hydrogen and/or chlorine 
CF 2 = CFOX, wherein X is defined as above. ^ <k* comp0 sitions are the following: (d) TFE 

10 srsss z^^^™*^ " tfe 32 - eo% - 01 1(M0% ' PAVE 

20^;(0)Tre3S-7W,PAVE1W^F1lM». ^ can fae car , |e(J out by 

The preparation of the f,uoro :^ 
copo.ymerization of the monomers .^Tl- S ^«mn5nlum persu.phates. perphosphates, per- 
J6 presence of radical initiators (for 'f anC °J."^ cuprous or silver salts or other eas.ly 

^clZ^e6 are the fluorinated surfactants of formula: 



20 Rf-X- M + 

wherein R. is a Cs 



.. 

Z is s**d from: H*. NH,-. ** « ^"oa^yl groups, etc. 

and/or hydrogenated repetitive units. « | ^"f^ '" t f b ^ded to the reaction mixture depends on the 
The amount of iodinated olefin of formul ifflM to be woe ^ bearjng jn mind 

}0 amount of units deriving therefrom ^^^^^^.ent invention, practically the whole 

The peroxide curing is earned out. accord.ng to ^ ft oy dialkylpe roxides, such as for 

generating radicals by heafing. A ™|^^ dicumy. peroxide; dibenzoy. 

To the cure mixture other products are then added such as % fe ^ by wejght wjth 

(a) curing coagents, in an amount **«*^ trial.yHsocyanurate (TA.C); 
respect to the polymer, among J^'iS^ N.N.N'.N'-tetraally.-malonamide; 

45 tris (diallylamine)-s-triazine; tnallylphosph te. N.N dianyiac y prefe rred. 

trivin l-isocyanurate; 2 ,4,6-trivin y l-methy«ne et ■ .^s par^u yp^ wejght ^ respect 

(b) a metal compound, in an amount o ^J^^'J^rfdes. such as for instance Mg. Zn. Ca or 

rop^aSS d r fssr-y* «~ - - - ca ~ 

As said above, the fluoroelastomers object o the present n ^ ^ jn ajr ^ 

treatments; to remove possible volafle ^^^^^ carried out by the Applicant, longer 
30-60 minutes at 180 -230 "C. As demonstra ^.^ and/or elastic properties of 



molding processes on an industrial scale. 
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The present invention wil, b e now better illustrated working examp.es, whose purpose 

is merely indicative but not limitative of the scope of the mvenfon rtself. 



EXAMPLE 1 

Prepjrationof_C^ 
(1) Ethylene addition 



with 5.0 moles of ethylene, and brought to • •«J^ » * md then gradually decreased up to 10 

hours under stirring. The pressure reached ^^Zl and the unreacted ethylene was discharged. 

J5 ate. The reactor was then cooled an d, after pre-stirring with excess of water, 

The reaction mixture, conta.n.ng sed.ments, 3 The co|lected s0 | id was dried in an oven 

20 SEEmr and 1 H-NMR analysis gave the following results: 
(l-CH e 2 CH d 2 -CF a 2 CF b 2 CP 2 )2 

«F NMR (CDCIs) a = -114.5 ppm; b = -123 ppm; c = -121 ppm: a/b/c = 1/1/1 
25 .H-NMR ( e = 2.7-3.0p P m;d = 3.4 PP m; e/d = 1/1. 

(2) Dehvdroiodination 

. th a mprha nical stirrer a thermometer, a dropping funnel with 
in a 500 ml glass reactor, equipped I wth CTkt -15 -C (cold trap) were loaded: 80 g 

30 compensator, a water-coded claisen j£ ■ ^St^englyco!. The pressure in the system 

(0.131 moles) of l-CH 2 CH 2 (CF 2 CF 2 )3-CH 2 CH 2 I K m. o y « & brQught tQ 13Q . C by 

was reduced to 50 mmHg by means of a mechanical pump an £ m| Qf ^ was then 

immersion in an oil bath. A ^f" 0 ^ in the cold trap, revealed 

gradually added (in about 30 ^^^^^JSlon, two phases were present in the cold 
35 immediately that the reaction took en ° ^ s pnase W as extracted with methylene 

trap, which were separated m ■ "JJg^ eduid pressure The so obtained organic phase and 

a' total 5 52, g c, reaction products. By means of 
^ToZ^S^, th P e mixture resulted to be formed by: 



CH 2 =CH-(CF 2 CF 2 )3-CH = CH 2 
I 1-CH 2 CH 2 -(CF 2 CF 2 ) 3 -CH = CH 2 
l-CH 2 CH 2 -(CF 2 CF 2 ) 3 -CH 2 CH 2 -l 



A „e, f ,aC,o„a, a— o, 20, . 0, — e,e,e ,-CH ! CH,<CW«,.CH.CH 2 ,pu rt «y: «* V- 
32%) were obtained. 
Polymerization reaction 

„ . . . au,oc,ave equipped with a s«.re r wo, M n 9 a, 630 ,pm, we,e charged, mm evac„*„. 3.5 I o, 

i CF 3 0(CF 2 -CF(CF 3 )O)„(CF 2 0) m CF 2 COOH 

where n/m = 10, having average molecular weight of 600; 
- 8.9 ml of a 30% by volume NH.OH aqueous solution; 
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- 15.6 ml of demineralized water; 

- 4.8 ml of Galden< R > D02 of formula: 

CF30(CF 2 -CF(CF 3 )0)„(CF 2 0) m CF 3 
reaction. The following mixture of monomers was then fed: 



VDF 


24.0% by moles 1 


HFP 


59.5% by moles 


TFE 


16.5% by moles 



so as to bring the pressure to 25 bar. 

In the autoclave were then introduced: nai . Qlllnhate (APS ) having a concentration of 1 g/l; 

. the iodinated olefin of formula CH, - C«*F.W = HfWfc . above . „ e addi «on « M carrW out 

- aod ,o, eacb S* Inereas. m «. 

ThTp^ure 7S°ba, M Kept oonston, tor the v,ho,e duration of too portion by feeding a 
mixture consisting of: 





VDF 


50% by moles 


30 


HFP 


26% by moles 




TFE 


24% by moles. 



Afte r 300 minutes of reaction, the autoclave was coolie .ate* ™^«Z£%Z 
by addition of an aluminum sulphate solufaon (6 iq o ^ate^er'rte ^ ^ ^ 

obtained product was dried in an oven Xmefmonomer compcsiUon was determined by "F-NMR 
was characterized as reported ,n Table 1. The polymer mon ^ osmometric average molecular 

fha cursd produot are reported ,n Table 2 . It > to b en , lrnpro vement of mechanreal 



EXAMPLE 



.ample t «as repeated. ^^fflT^ ^=^"^1 

EXAMPLE 3 (comparative) 

Po,,owin 9 ,be same procedure as desorlbed In Example U^-^^ 
iodinated olefin was prepared. The propert.es of the product as such 
in Tables 1 and 2, respectively. 
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TABLE 1 



EXAMPLE 


1 


2 


3«~~| 


r Polymer composition (%mole) 

VDF . 


53.9 


55.6 


54.0 


HFP ■ 


20.3 


19.9 
24.5 
0.13 


21.5 
24.5 


TFE . 1 

iodinated olefin 


25.9 
0.06 


Total iodine I (%^ghi) 
(per chain) 


0.29 
1.83 

46 


0.41 
2.23 

32 


0.22 
1.38 

45 


" M„n„ ft v Viscositv (ASTM D1646) ML(1 + 10') 121 "C 

M n 0sm 

T g onset ( • ™ ^SC - ASTM 03418-82, 
<*> comparative . 


80,000 
-13.4 


69,000 
-13.5 


80,000 
-12.0 



25 



30 



35 



45 



50 
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TABLE 2 



Polymer 

Luperco 101 XL 
Drimix (R) TAIC 
ZnO 

Carbon black MT 



(g) 

(phr) 
( " ) 
( " ) 
( " ) 



Vulcaruza Ho" mi xture " - ^ ^fij^c (ASTM D1 64 6) 

ML (pounds • inch 

MH ( v 

t (sec) 

i < ". >, 

5j x ° (pounds -foot -inch/ sec) 



100 
3 



100 
3 



5 
30 



81 
117 
2.66 



Modulus at 100% Mpa) 
Stress at breafc 

Elongation at break *' ints) 
Shore A hardness (points) 

ircharactexistics_a£ £ er post- cur i ng^n_oven 
feiSfS^PERTlES ( « f -B3) 
Modulus at 100% 
Stress at break MPa) 

irrfATar^r^ joints) 
O-ring 214 U) 



81 
114 1 
3.17 



4.8 
17 . 
226 



6.5 
21.2 
205 



16.7 
215 



10 
124 
57 
93 
115 
2.7 



3.6 
17.2 
295 



4.9 

20 .4 I 20.7 
196 273 
72 



Modulus at 100% MPa) 
Stress at breafc 

Elongation at break Joints) 

Shore A hardness (points) 
COMPRESSION SET 

(at 200°C for 70 hours - ASTM D395 Me 

O-ring 214 - ! 



6. 
21.1 
198 
72 



20.0 
192 



4.7 
19.2 
272 



comparative 



EXAMPLE 4 

aut „c,e»e. equipped - a — w«* S * - * " ' 6 ? °' 

CF 3 0(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF 2 COOH 
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wherein n/m = 10, having average molecular weight of 600; 

t £ ml of a 30% by volume NH.OH aqueous so.ut.on, 
. 29 0 ml of demineralized water; 
. 8 .9 mi of Galden< R> D02 of formula: 



CF30(CF2-CF(CF 3 )O)„(CF 2 O) m CF3 

Tha fniinwinn monomer mixture was then fed: 



VDF 




64.5% by moles 


MVE 




32.0% by moles 


TFE 




3.5% by moles 


(MVE = 


perfluoromethylvinylether) 



so as to bring the pressure to 25 bar. 

In the autoclave were then .ntroducea concentration of 1 g/l; 

. 214 ml of a ammonium persulphate aqueous solution ^ ) a & so)utjon obtamed by 

. ^odoperfluorohexane «CVF„b) - ^J^J Tame Galden- D02 used for the 

dissolving 7.6 ml of the .odmated product in 12.4 m 

fn^^W^ 2 ^*— 8,art and each 5% ,nc,ease " m 

^1 o. * - was te p, « - — — - « * ^ 8 

mixture consisting of: 

o - 

I VDF j 75% by moles 
MVE I 21% by moles 
jFE 4% by moles. 



After „ minutes - ,e.*n, « -j. J- - -^rW" 

«rrr e r^-. - — — — and me cha,ac,e ** s °' 

the cured product are reported in Table 4. 

EXAMPLE 5 (comparative) ^ 
in Tables 3 and 4 respectively. 



50 



55 
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TABLE 3 



EXAMPLE 


4 


— z — 


" Polymer composition (%moie) 






VDF 


79.0 


80.2 
15.7 


HFP 


17.0 




4.0 
0.05 


4.0 


r— 

iodinated olefin 




Total iodine I (% peso, 
(per chain) 


0.30 
1.53 


0.26 
1.31 


M^n Qy «i S cositv(ASTMD1646) 




28 


mi M+in-M21-C 


28 




52 
65,000 


58 
64,000 


M„° sm 

T | nn R «t<.CWDSC-ASTMD3418-82)_ 


-36.1 


-37.0 



(*> comparative 
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TABLE 4 



, B i^i-^n mivrurP composition 

Polymer 

Luperco (R) 101 XL phr 
Drimix (R ' TAIC ( [ » 

ZnO „ ; 

Carbon black MT ( 



I rharact prisdcs 



★ Mooney Viscosity MLU+J-u j 1 
*0DR 177°C arc 3, 12' <astm D2084-81) 

ML (pounds -inch) 

MH ( " • ) 

t a2 < sec) 

C ( "„ \ 

vj x ° (pounds • foot • inch/sec) 



rhar-acterii 
170»C fp. 



Krics af -" curing 



_1£1 



(ASTM D412-83) 



(MPa) 
(MPa) 
(%) 

(points) 



Modulus at 100% 
Stress at break 
Elongation at break 
Shore A har dness 

I ^.^rig Hr. after ponr -n.rinq in oven 

II lySfcAr^PERTIES (ASTM 0412-83) 

Modulus at 100% MPa 
Stress at break MPa) 
Elongation at break *> lnts) 
Shore A hardness (points) 
♦COMPRESSION SET 

(at 200°C for 70 hours - ASTM D3 95 Method B) 

0-ring 214 



rK.r,rr>rigt '"- after, ^-nirlnq in oven 
hySfSfpSRTIES (ASTM D4 12 -83) 

Modulus at 100% MPa 
Stress at break MPa) 
Elongation at break li, ints ) 
Shore A hardness (points) 
★COMPRESSION SET 
(at 200-C for 70 hours - ASTM D3 95 Method B) 

0-ring 214 <*> 



100 
3 



5 
30 



111 
3.3 



100 

3 



3.6 
16.3 
237 
67 



21.1 
198 



5 
30 



113 
57 



114 
2.85 



2.6 
13.5 
324 



15.5 
292 
66 



19.2 
272 



<*> comparative 



Claims . 

1 Perox ide cura b ,e f— , .avin, iodine atoms in termina, position, an. monomeric units ,n »e 
" chain deriving from an iodinated olefin of formula: 
CHR = CH-Z-CH 2 CHR-I (') 
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u ™ • Z is . C,-C„ (P«) lidoroalkylena radical, linear o, branched, optionally 
SonVdr LZL^™" a ( pe,,„ao,opo,yo,y»IHy,ene „d,cal. 

, Fluoroelastomers accerdin, ,0 Cain, , -rain in - 0. Z is . (per,— lky ,ene radica, 
of formula: 

-(Q) p -CF 2 0-(CF 2 CF 2 0) m (CF 2 0) n -CF 2 -(Q)p- (") 

^oi- n ,c nor 1- m and n are numbers such that the 

400 to 10,000. 

. S . ^ eccerdin, to - 3, — O is — - — ^ 



-CH 2 CH 2 - 



-on 2 Vxri2-- 



monomeric units. 



monument u...^- 

« *h« nr PV ious claims, wherein the average number of .od.ne 

7 Fluoroelastomers according to anyone of ^« claim 
atoms per chain in terminal position is from 1.0 to 2.0. 

„■ t Haim 7 wherein the average number of iodine atoms per chain .n 

8 Fluoroelastomers accord.ng to claim 7, wherein 
terminal position is from 1 .5 to 1 .8. 

per chain is, on the average, from 1.8 to 5.0. 

; chain is, on the average, from 2.0 to 4.0. 

„. P.oroe—rs accord^ to d* 1. ^"^ST 

45 Ol 10-30%,°HFP and/or PAVE 18-27%, TFE 10-30%. 

13. Fluoroelastomers according to claim 1. wherein the ™™™™ me f^J% (om: (per)- 



olefins (Ol). 

PAVE 20-40%; (g) TFE 33-75%, PAVE 15-45%, VDF 10 
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15. Fluoroelastomers according to anyone of the previous claims, obtainable by a copolymerization process 
of the monomers in aqueous emulsion in the presence of a radical initiator and of an iodinated chain 
transfer agent. 

5 16. Fluoroelastomers according to claim 15, wherein the iodinated chain transfer agent is a compound of 
formula R f l x , wherein R f is a (per)fluoroalkyl or a (per)fluorochloroalkyl having from 1 to 8 carbon atoms, 
while x is 1 or 2. 

17. Fluoroelastomers according to claim 15 or 16, wherein the copolymerization process of the monomers 
io is carried out in the presence of an aqueous microemulsion of perfluoropolyoxyalkylenes or of 

fluoropolyoxyalkylenes having hydrogenated end groups and/or hydrogenated repetitive units. 

18. Iodinated olefins of formula (I), defined according to claims from 1 to 4. 

15 19. Process for preparing the iodinated olefins of claim 18, which comprises in sequence: 

(1) adding ethylene or propylene to a compound of formula l-Z-l, to obtain a diiodinated product 
having the formula: 

I-CHR-CH2-Z-CH2-CHR-I (III) 

20 

wherein R and Z are defined as above; 

(2) partially dehydroiodinating the product of formula (III) with a base so as to obtain the iodinated 
olefin of formula (I). 

25 20. Process according to claim 19, wherein step (2) is carried out in defect of the base, and afterwards the 
iodinated olefin is separated by fractional distillation. 

21. Process according to claim 19, wherein the step (2) is carried out at reduced pressure, so as to remove 
the iodinated olefin from the reaction mixture as it forms. 

30 

22. Process according to claim 19, wherein step (1) is carried out in defect of ethylene or propylene, so as 
to favour formation of mono-addition product l-Z-CH 2 -CHR-l; the mono-addition product is then 
dehydroiodinated according to step (2), with formation of the olefin l-Z-CH = CHR, which is finally 
subjected to futher addition of ethylene or propylene to give the iodinated olefin of formula (I). 

35 

23. Use of the fluoroelastomers according to claims from 1 to 16 for manufacturing O-rings. 

24. Use according to claim 23, wherein the fluoroelastomers have basic monomeric composition according 
to claim 14. 

40 



45 



55 
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(54) New peroxide curable f luoroelastomers, particularly suitable for manufacturing O-rings 

(57) New fluoroelastomers are described, having 
iodine atoms in terminal position and monomeric units 
in the chain deriving from an iodinated olefin of formula: 



CHR=CH-Z-CH2CHR-I 



(I) 



wherein: R is -H or -CH 3 ; Z is a (per)fluoroalkylene rad- 
ical C1-C18, linear or branched, optionally containing one 
or more ether oxygen atoms, or a (per)fluoropolyoxy- 
alkylene radical. 

These products, upon peroxide curing, require 
extremely short post-curing treatments (around 30-60 
minutes at 180°-230°C) and are characterized by com- 
pression set values lower than 25% (measured on O- 
rings at 200°C for 70 hours according to ASTM Standard 
D395 Method B). 
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